Objectives-(1) Assess the association between the B-mode morphologic appearance and elasticity in the rotator cuff tendon using shear wave elastography (SWE).
S
ymptomatic rotator cuff disease is a common indication for clinical referral in athletes and the general population. The incidence increases with age, exposure to repetitive trauma, and other risk factors. 1 Asymptomatic rotator cuff tears are also common in the general population, especially in older patients and patients with contralateral disease. 1, 2 The reason for the high prevalence of asymptomatic disease, which is oftentimes morphologically severe, is not entirely clear. Tear size appears to be an important, but not fully explanatory, component, as it has been observed that many asymptomatic tears become symptomatic as tear size progresses. 1, 2 There has been little work documenting other morphologic associations.
Definitive imaging diagnosis of rotator cuff tendinopathy may involve magnetic resonance imaging (MRI) with or without intra-articular contrast or sonography. The diagnostic equivalence of MRI and conventional sonography is well established, especially in the hands of experienced sonographers. [3] [4] [5] Both techniques provide important morphologic findings but limited information on tendon mechanical properties. Nevertheless, mechanical properties that reflect tendon quality, such as elasticity, may have important implications on patient treatment decisions and surgical outcomes. [6] [7] [8] Shear wave elastography (SWE) is a recently developed sonographic technique that provides both qualitative and quantitative information on the elastic response of tissue perturbed by a focused ultrasonic pulse. Shear wave elastography estimates the tissue-dependent propagation speed of waves generated by the pulse, known as the shear wave velocity (SWV). 9 The SWV is related to the local shear elastic modulus (or, equivalently, the Young modulus); therefore, a higher SWV indicates stiffer, less deformable tissue. In theory, SWE promises a straightforward method for quantitatively measuring elastic properties in a manner that reduces operator dependence, a variable that has limited compression elastography. 10 Shear wave elastography is US Food and Drug Administration approved and has been found to be useful in the breast, liver, and prostate. 11 Most elastographic work in the musculoskeletal system has been performed with compression (or strain) elastography. 12 Only limited work has been performed with SWE in vivo, mostly with the aim of establishing feasibility and baseline parameters, 9, 13 although research is now becoming available in symptomatic populations. For example, Aubry et al 14 recently demonstrated softening in the Achilles tendon using SWE, a finding that had been previously demonstrated by compression elastography. 15 In the rotator cuff, prior work has demonstrated the feasibility of elastographic tendon assessment and has characterized basic tendon properties ex vivo. [16] [17] [18] To our knowledge, a detailed SWE evaluation of the rotator cuff tendon in vivo has not been described in a healthy or symptomatic population. Therefore, we examined the feasibility of using SWE for evaluation of the rotator cuff tendon in symptomatic and morphologically abnormal populations, with the hope of supporting an adjunctive method for assessment of tendon quality in clinical practice. We hypothesized that increasing degrees of tendinosis and tears on conventional grayscale sonography would correlate with decreased quantitative elastographic measurements of the SWV (ie, tendon softening). In addition, given the high prevalence of asymptomatic rotator cuff disease, we explored whether elasticity might better correlate with the presence of symptoms than morphologic abnormalities alone.
Materials and Methods

Study Population
This study was approved by the Institutional Review Board. The study was a mixed retrospective and prospective design. Shear wave elastography has been part of the routine clinical protocol for rotator cuff evaluation at our institution for several years. The requirement for informed consent was waived for retrospective review of this data. Retrospectively reviewed patient data were compared with prospectively acquired data from asymptomatic volunteers, from whom informed consent was obtained.
Inclusion criteria for patients included age older than 18 years, referral for shoulder pain by orthopedic surgeons specializing in sports medicine between June 2013 and October 2014, and available elastographic data for the rotator cuff in the symptomatic shoulder. Exclusion criteria for patients included prior surgical repair and the presence of gross tendon calcification on B-mode imaging. Patients with prior surgical repair were excluded because findings were expected to yield unpredictable elastographic results relative to a general pool of patients who were thought to be representative of possible candidates for initial rotator cuff repair. Patients with tendon calcification were excluded because of our and others' experience that elastographic measurement of the calcified areas typically shows markedly decreased elasticity (stiffening) of the associated tissues 19 ; currently, quantitative measurement of these areas is often beyond the capabilities of our SWE scanning equipment (SWV values exceed the maximum computable value). Perhaps more importantly, tendinous calcification reflects a different underlying histopathologic process than rotator cuff tearing (calcium hydroxyapatite deposition rather than mucoid degeneration and angiofibroblastic proliferation), and the treatment is often different.
Inclusion criteria for volunteers were age older than 18 years and written informed consent. Exclusion criteria for volunteers were a reported history of rotator cuff symptoms, a history of rotator cuff surgery, and pregnancy.
Examination Technique
Sonographic examinations were performed by a single musculoskeletal radiologist with greater than 20 years of experience in musculoskeletal sonography (R.S.A.). All examinations were performed with an Acuson S3000 scanner (Siemens Medical Solutions, Mountain View, CA).
B-mode assessment was performed with either a 9-or 14-MHz linear transducer for optimal anatomic definition. The arm was positioned in a standard or modified Crass position. Because the study constituted a retrospective review of routine clinical data, the radiologist was aware of the patient's symptoms. Grayscale images were obtained in both long and short axes ( Figures 1A and 2A ). Both grayscale and SWE images of the rotator cuff were obtained within 1 cm of the rotator interval and over the greater tuberosity, where the major contribution to the tendon is from the supraspinatus tendon.
Shear wave elastographic assessment was performed with the 9-MHz linear transducer, which is capable of producing acoustic radiation force impulse pulses. Shear wave elastographic measurements of the rotator cuff were obtained in the long axis only with the arm placed in mild extension and internal rotation (arm in relaxed extension with the back of the hand supported by the back of the seat on which the patient was positioned), resulting in a mild longitudinal preload on the rotator cuff tendon. Minimal contact pressure was applied during data acquisition to minimize the axial preload; the operator confirmed this by applying the minimal amount of pressure required to generate an image and avoiding visible distortion of the superficial fascia. A region of interest (ROI) was selected to include the rotator cuff tendon and overlying deltoid muscle. Parametric SWV estimates within the ROI are derived automatically from raw radiofrequency data by software implemented in the S3000 scanner (Virtual Touch Imaging Quantification; Siemens Medical Solutions). The parametric SWV estimates are displayed as either a colorized map ( Figure 1B ) or a split grayscale image depicting anatomy and an SWV map ( Figure 2B) . The split-screen display was used to eliminate anatomic ambiguity when placing sample locations. Within the ROI, multiple 1.5-mm square sample volumes were semirandomly placed at roughly even intervals within the proximal and distal tendon at approximately the same depth to obtain SWV data. The anatomic neck of the humerus was used as a landmark to separate proximal (articular) and distal (footprint) portions of the tendon. The dynamic range for SWV measurements was 0.5 to 15 m/s (maximum allowable SWV). The number of sample volumes obtained ranged from 3 to 6 in the proximal and 3 to 7 in the distal tendon. If a tear was present, then the sample volume was placed adjacent to the tear, rather than within it, according to the original clinical objective (ie, assessment of tendon quality). In most of the sonographic evaluations, 3 to 6 sample volumes were placed at approximately even intervals within the deltoid muscle to obtain SWVs, as part of the same acquisition; these measurements were obtained as internal control standards ( Figures 1C and 2C) .
B-Mode Image Analysis
Grayscale examinations were reviewed for morphologic abnormalities by 2 musculoskeletal radiologists (R.S.A. and S.W.H.) on a picture archiving and communication system workstation. The proximal and distal supraspinatus tendon images were subjectively graded (1, normal or mild tendinosis without a tear; 2, moderate or severe tendinosis without a tear; 3, partial tear; and 4, fullthickness tear) by consensus. Patchy hypoechoic areas without loss of fibrillar architecture or tendon thickening were considered mild tendinosis (grade 1). Hypoechoic areas with loss of fibrillar architecture and the presence of intrasubstance clefts, tendon thickening, or fraying were considered moderate to severe tendinosis (grade 2). Partial tears (grade 3) were taken as bursal, articular, or intrasubstance discrete hypoechoic defects that did not involve the full thickness of the tendon. Fullthickness tears (grade 4) included discretely marginated hypoechoic defects that involved the full tendon thickness. Grading examples are provided in Figure 3 . These definitions of tendinosis and tears are in agreement with the literature. 20 At the time of image review, the radiologists did not have access to the patients' symptoms or SWV data.
Statistical Analysis
Spearman rank correlations were used to assess the association between the morphologic grade of each tendon and the mean SWVs at each location. Mann-Whitney tests were used to compare tendons with morphologic grade 1 with tendons with morphologic grade 2 or higher in terms of the mean SWVs at each location; the same comparison also was performed between tendons with morphologic grade 2 or lower and higher than 2. Mann-Whitney tests also were used to compare symptomatic with asymptomatic shoulders in terms of the Figure 1 . A, Grayscale sonogram of a normal supraspinatus tendon in the long axis. The anatomic neck (AN) of the humerus was used as a landmark to separate the proximal (PT) and distal (DT) portions of the supraspinatus tendon. Note the preserved fibrillar architecture of this normal tendon.The deltoid muscle (M) is shown superficial to the supraspinatus tendon. B, Within the ROI, the color map shows the relative SWV at each location in order of increasing values: blue, green, yellow, and red. Note the predominantly red areas in the stiffer, less deformable supraspinatus tendon compared with the predominantly blue areas in the less stiff, more deformable deltoid muscle. C, Within the ROI, 1.5-mm square sample volumes were placed to obtain quantitative SWVs (Vs). When the SWV was greater than 15 m/s, the software reported the velocity as "high" and recorded the value as outside the measurable range. In this image, there are 5 sample volumes in the deltoid muscle, 5 sample volumes in the proximal supraspinatus tendon, and 4 sample volumes in the distal supraspinatus tendon. Note the SWVs in the tendon ranging from 5.48 to outside the measurable range versus the SWVs in the deltoid muscle ranging from 3.87 to 4.44 m/s. Figure 2 . A, Grayscale sonogram of the supraspinatus tendon in the long axis. Note the well-defined anechoic region with loss of the fibrillar architecture in the distal tendon, which does not extend to the bursal margin, consistent with a partial-thickness tear (morphologic grade 3). The proximal tendon is grade 2, being hypoechoic with loss of fibrillar architecture. The green box depicts the ROI for SWE. B, Color map within the ROI shown in A. Note the predominantly blue areas in the regions with tendinosis and a tear in the distal tendon compared with the red, yellow, and green areas in the remainder of the tendon, which is stiffer and less deformable. C, Split screen showing, on the left, a grayscale sonogram and, on the right, a grayscale parametric image of SWVs corresponding to the color map shown in B. The boxes represent sample volumes with local SWV values. Sample volumes in the regions with tendinosis adjacent to the tear show lower SWVs of 4.51 and 4.97 m/s compared with higher SWVs (5.95 and 6.46 m/s) in the less tendinotic proximal tendon. In this image, sample volumes are also positioned in the deltoid and peribursal soft tissue. Figure 3 . Examples of the grading system. A, Normal, grade 1: proximal and distal tendon. There is complete preservation of fibrillar architecture without tendon thickening. B, Grade 2: moderate to severe tendinosis both proximally and distally. Note the patchy hypoechoic areas and diffuse loss of fibrillar architecture both proximally and distally. Intrasubstance clefts are also present, and the tendon is mildly thickened. There is no discrete tear. C, Images from 2 patients, both showing grade 3 (partial tear) disease distally and grade 2 (moderate to severe tendinosis) disease proximally. D, This patient had grade 4 (full-thickness tear) disease distally and grade 2 (moderate to severe tendinosis) disease proximally.
mean SWVs and the tendon morphologic grade. Because the participants had sonograms at multiple time points, data from different locations, or both, bootstrap resampling procedures were used to assess the statistical significance of correlations and Mann-Whitney test statistics to account for the lack of statistical independence among results from the same participant. Results were declared statistically significant when associated with 2-sided P < .05. MATLAB version 2015a software (The MathWorks, Natick, MA) was used for compiling summary statistics. SAS version 9.3 software (SAS Institute Inc, Cary, NC) was used for all other computations.
Results
Population
For the purposes of this study, patient and volunteer symptoms were recorded as a binary variable: either present (1) or absent (0). No volunteers reported rotator cuff symptoms.
Twenty-four symptomatic patients were identified, and 5 were excluded, resulting in 19 eligible patients. One patient was excluded because the tendon contained gross calcifications, and 4 patients were excluded because they had undergone surgical repair of a tear. In 2 patients, measurements were available from repeated studies. These additional studies were included and accounted for by appropriate resampling methods (see "Statistical Analysis"), resulting in a total of 21 symptomatic shoulder studies.
Sixteen asymptomatic volunteers with bilateral shoulder studies were included (32 asymptomatic studies). In addition, 5 volunteers had data available for the contralateral shoulder that met inclusion criteria for the asymptomatic cohort (5 studies). Finally, 10 volunteers had up to 2 additional unilateral or bilateral studies on separate dates (18 studies). These data were obtained while the volunteers participated in a pilot exercise program used for rotator cuff rehabilitation. The acquisition parameters were identical, and the clinical status (symptoms or morphologic imaging characteristics) of the participants did not change, so these data were included and accounted for by statistical resampling. In sum, 55 asymptomatic shoulder studies were included. The age difference between the symptomatic and asymptomatic groups was significant (P < .001). Deltoid muscle SWV measurements were available for 68 of 76 studies, including 19 of 21 symptomatic studies and 49 of 55 symptomatic studies. Additional summary statistics for individual subgroups are provided in Table 1 .
Shear Wave Elastographic Characteristics
As a generalization, mean and median SWV values were approximately 8 to 9 m/s in patients with normal or mild tendinosis and 5 to 7 m/s in those with tendon degeneration and tearing. Mean and median values ranged between approximately 6.75 to 8.50 for the symptomatic and asymptomatic groups, although no significant difference was seen between groups in the proximal tendon. Detailed results are provided in Tables 2-5 . Fourteen individual sample volume measurements (as opposed to average measurements) had SWV values that exceeded the maximum machine-computable value (15 m/s). Eight of these measurements occurred in a single asymptomatic, morphologically normal patient during a single bilateral examination (2 studies), and 2 occurred in another asymptomatic, morphologically normal patient during a single examination of 1 shoulder; the remaining 4 measurements occurred in single studies (2 asymptomatic and 2 symptomatic).
Shear Wave Elastography and Morphologic Grade
There were highly significant weak-to-moderate negative correlations between the SWV and morphologic grade in both the proximal (q 5 20.41; P < .001) and distal (q 5 20.35; P 5 .002) rotator cuff tendon (Figure 4 ). This association also was evaluated by comparison of subgroups defined by morphologic grade. Comparing morphologic grades 1 and 2 or higher (ie, normal or mild tendinosis versus more severe disease), there was a significant difference in SWVs between groups in both the proximal and distal tendon ( Table 2) . Group mean and median SWV values were significantly lower in tendons with a higher morphologic grade. Comparing morphologic grades 2 or lower and higher than 2 (ie, normal of tendinosis versus tear), there was also a significant difference in SWVs between groups in both the proximal and distal tendon (Table 3) . Again, decreased group mean and median velocities were seen with higher morphologic grades.
Morphologic Grade and Symptoms
Associations between the presence of symptoms and morphologic abnormalities were assessed. As shown in Table 4 , the symptomatic tendon groups had significantly higher morphologic grades; this association was found for both the proximal and distal supraspinatus tendons.
Shear Wave Elastography and Symptoms
A lower SWV of borderline significance was seen in the symptomatic proximal tendon group, suggesting that proximal symptomatic tendons were softer. The SWV in the distal supraspinatus tendon was not shown to be significantly associated with the presence of symptoms in this sample; nevertheless, the mean and median velocities of the distal group were not in disagreement with the finding seen in the proximal group. These findings are reported in Table 5 .
Deltoid Muscle and Tendon Grade
An exploratory evaluation of the relationship between deltoid muscle stiffness and tendon abnormalities showed a highly significant weak-to-moderate negative correlation between the deltoid muscle SWV and tendon morphologic grade ( Figure 5 ); this association was found for both the proximal (q 5 20.35; P 5 .004) and distal (q 5 20.32; P 5 .007) rotator cuff tendons. In addition, lower mean and median deltoid SWVs were seen in the symptomatic compared with asymptomatic shoulders (Table 6 ).
Discussion
Importance of Tendon Quality
Assessment of tendon quality is believed by many orthopedic surgeons to be an important prognostic indicator of successful rotator cuff repair. 6 For example, in a review of 342 consecutive rotator cuff repairs with 21 failures, Cummins and Murrell 7 demonstrated that poor tendon quality most strongly predicted the failure rate after initial repair, as defined by failure at the tendonsuture interface due to suture pull-through. Another recent review of 127 cases by Ahmad et al 8 demonstrated that subjective intraoperative assessment of tendon quality was significantly associated with the failure rate. These findings have been supported by the imaging literature as well. Recently, in the setting of partialthickness and small full-thickness tears, Chung et al 21 described an association between the severity of tendinosis on MRI and repair failure that appeared more predictive than traditional measures of tear size and muscle atrophy, although their sample size was relatively small. Nevertheless, although morphologic assessment clearly provides information on characteristics that indirectly reflect tendon quality (such as the degree of tendinosis), it does not directly capture the mechanical properties of the tendon and may fail to predict the tendon response to a tensile load. The reference standard for determination of tendon mechanical properties is objective measurement of strain distribution to an applied load in vitro, which is not possible in clinical practice. The principle method for in vivo tendon quality assessment is currently intraoperative evaluation by the surgeon. Shear wave elastography may play a useful role in the preoperative setting for patient selection and surgical planning if it can be shown to provide useful supplemental information on tissue mechanics.
Shear Wave Elastographic Methodological Considerations
As opposed to the shear wave technique used in this study, compression-based elastography displays a parametric strain image after a compressive load, which is at best semiquantitative and dependent on the surface boundary conditions. Shear wave elastography is potentially advantageous because it produces a quantitative estimate of the local in-plane SWV (the velocity at an operator-determined depth), which directly relates to the shear elastic modulus, an inherent property of the tissue being interrogated. In principle, the estimated shear modulus is independent of the surface boundary conditions. Work by Carpenter et al 22 showed that even in the setting of deliberate axial preload application in several muscle groups, most increases in the SWV did not reach statistical significance. Nevertheless, every effort was made by the operator in our study to provide a consistently minimal preload. The same principle does not apply to direct tendon loading. Aubry et al 14 noted stiffening in the Achilles tendons in the setting of deliberate physiologic tendon stretching. In our routine practice, we use positioning that applies a mild physiologic preload, which eases patient discomfort and allows for consistency. Work by Peltz et al 23 showed fair-to-good in vitro and in vivo condition reproducibility for several major tendons on SWE. Although the rotator cuff was not specifically addressed in that study, we surmise that our results would generally fall within their reproducibility range. The number of repeated studies we included in this study was not large enough for adequate assessment of repeatability.
Tendon Softening in Rotator Cuff Disease
The weak-to-moderate correlations we identified between decreasing tendon SWVs (ie, softer tendons) and increasing morphologic grades most likely reflect decreased tensile properties of tendons with degeneration and tearing compared with normal tendons. Histopathologic evaluations in animal studies have demonstrated loss of normal collagen fiber organization in overuse and tear models, 24, 25 which correlates with tendon softening. Klauser et al 26 used compression sonoelastography to study cadaveric Achilles tendons and provided histopathologic correlations that supported these findings. Using SWE specifically, Aubry et al 14 noted significant softening in Achilles tendinopathy.
The weak-to-moderate, but highly significant, absolute correlation that we identified between the SWV and morphologic grade implies that information captured by SWE only partially overlaps that gathered by B-mode morphologic evaluation. We found this finding reassuring in the context of clinical utility, as a very high degree of correlation would imply that the addition of elastography to morphologic evaluation would add little nonredundant information. Although this finding should be interpreted with caution in a relatively novel technique applied to a moderately sized sample, it is possible that the portion of the elastographic data not captured by Bmode evaluation reflects useful adjunctive information. Whether this possibility bears out clinically remains to be seen: for instance, in earlier detection of symptomatic tendinopathy or prediction of surgical outcomes.
Mean morphologic grades reflecting mild tendinosis were found in the asymptomatic groups. Mean and median morphologic grades encompassing moderate tendinosis to partial-thickness tears were found in the symptomatic groups. A mean asymptomatic morphologic grade higher than 1 may be explained by the decision to include asymptomatic contralateral shoulders of patients with symptomatic disease; many of the asymptomatic shoulders were morphologically abnormal. This finding models the general population, in which asymptomatic contralateral rotator cuff tears are more commonly seen in symptomatic patients (and commonplace in general). The finding of higher morphologic grades in the symptomatic patient group parallels the observation that asymptomatic rotator cuff disease typically progresses in both morphologic grade and symptoms. 1, 2 The presence of symptoms and SWE showed a less straightforward relationship. No significant SWV difference was identified in the distal tendons of symptomatic patients, and only a borderline significant decrease was seen in the proximal tendons. Two factors contributed to the overall weakly significant findings. First, several asymptomatic patients had morphologic abnormalities and corresponding decreases in SWVs, and many of these occurred at the footprint. Of the 55 sonographic evaluations of asymptomatic shoulders, tears were found at the footprint in 8 tendons (14.5%); tears at the footprint extended proximal to the anatomic neck in 2 tendons (3.6%). Almost all of these studies (80%) had SWV values that fell below the group mean. It has been shown that asymptomatic tears and tendinosis occur most commonly near the tendon footprint. 27 In asymptomatic patients with higher-grade tears that did not occur at the footprint, we surmise that the rotator cable may have played a protective role. 28 Second, there was a wide range of underlying morphologic abnormalities that produced symptoms, and a wide variation of associated SWV values was seen in the symptomatic group. Therefore, it is possible that the moderate sample size did not fully capture a weak but existent relationship; this possibility is supported by the existence of the weakly significant SWV decrease in the proximal tendons of symptomatic patients. Nevertheless, a weak relationship is of questionable diagnostic utility, and it may be the case that SWE is most useful for preoperative evaluation of the mechanical properties of the diseased tendon or tendon remnant, rather than diagnostic workup of shoulder pain.
Only 3 patients who reported symptoms in the absence of morphologic abnormalities were found during retrospective patient inclusion, and they had a wide range of SWV values (2 of the 3 notably elevated). We can make no claim regarding the potential clinical usefulness of SWE for detecting symptomatic disease not seen morphologically, although the question remains appealing.
Significantly lower deltoid muscle SWV values were unexpectedly found in studies with higher morphologic grades and in symptomatic studies, suggesting that softening may occur in the setting of rotator cuff disease. Stiffening is known to occur in the rotator cuff musculature after rotator cuff tendon injury as a result of increased collagen deposition in the extracellular matrix. 29 We surmise that an indirect mechanism must lead to isolated softening in the deltoid, perhaps as a result of the deltoid-rotator cuff coronal plane force couple. 24, 30 This factor may reflect disuse, either by reduced passive muscle tension or subclinical to overt atrophy. Alternatively, the findings may be related to an age-related decline in muscle volume. Meyer et al 31 recently found no correlation between rotator cuff symptoms and deltoid muscle cross-sectional size (a marker of gross atrophy) on MRI but did see a small negative correlation between age and muscle size. Age-controlled studies are difficult in this population, given the high correlation between rotator cuff disease and age and the likely different causal mechanisms in younger populations.
Several limitations in our study methodology were present. Having a single experienced radiologist perform all of the sonographic examinations, although common in the clinical research setting for new technology such as SWE, likely does not represent a use scenario in clinical practice. Nevertheless, the use of a single operator likely resulted in greater uniformity in the technique and anatomic localization. We do not expect this factor to substantially limit generalizability, although repeatability and reliability in the rotator cuff remain questions to be addressed, especially in the symptomatic population. Another limitation was that this study did not examine the effect of tendon anisotropy, which might be important if the distribution of fibers is multidirectional. Shear wave velocity measurements are still in their infancy, so with improvements in axial and in-plane resolution, it may be possible to produce more spatially detailed SWV maps. Finally, only a binary symptom scale was used; this approach was a function of the retrospective nature of the study, since no estimate of the level of pain and dysfunction was performed with the use of an accepted clinical assessment tool. Although we saw no significant relationship between SWV and patient symptoms, a more detailed semiquantitative clinical evaluation may in fact have determined that such a relationship existed.
In conclusion, this study demonstrated a highly significant weak-to-moderate negative correlation between the SWV and B-mode morphologic grade in rotator cuff disease. We interpret this finding to imply that nonredundant data exist, which may contain valuable clinical information related to mechanical attributes of normal and diseased tendons. If this information can be successfully demonstrated to reflect intraoperative tendon quality or postoperative failure rates, then SWE may fill a useful role in preoperative assessment before rotator cuff repair. We failed to demonstrate a strong relationship between symptomatic disease and the SWV, implying that SWE may not add substantially to diagnostic workup of shoulder pain. Last, we found an unexpected relationship between rotator cuff disease and deltoid muscle softening, for which we do not have a clear explanation, but which may be attributed to the deltoid-rotator cuff force couple or possibly age-related atrophy.
